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S100B as a biomarker for brain metastases in
patients with non-small cell lung cancer
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Abstract. Brain metastases are frequent in patients with
lung cancer and a major cause of morbidity and mortality.
Finding a biomarker predicting brain metastases could
facilitate early start of treatment and thereby reduce
morbidity and possibly improve overall survival. Previous
studies suggest SI00B as a possible biomarker for this
purpose. This prospective study enrolled 185 patients
with newly diagnosed stage I'V non-small cell lung cancer
(NSCLC). A total of 22 patients had brain metastases
verified by magnetic resonance imaging or computed
tomography at the time of enrollment. Serum S100B
levels were measured in blood samples collected prior to
any treatment from 22 patients who had brain metastases
at enrollment and from 50 patients randomly selected
from the remaining 163 patients without brain metastases
at enrollment. No statistically significant difference was
found in the levels of serum S100B between patients with
and without brain metastases [range 0.018-0.209 ug/1, mean
0.049 ug/l, 95% confidence interval (CI), 0.032-0.061 pg/1]
and (range 0.016-0.130 pg/i, mean 0.044 ug/l, 95% CI,
0.037-0.051 pg/l), respectively, (P=0.852). Univariate anal-
ysis of prognostic factors for SI00B indicated a correlation
(P<0.2) with sex (P=0.088) and histology (adenocarcinoma
vs. squamous cell carcinoma/others) (P=0.028). In the
multivariate analysis only histology (P=0.029) remained
statistically significant. Conclusion: The present study
found no significant correlation between the level of serum
S100B and the presence of brain metastases in patients with
advanced NSCLC. The clear cut-off of S1I00B in patients
with and without brain metastases reported in other studies
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could not be verified in this study. Further studies investi-
gating the role of S100B as a biomarker for brain metastases
in non-small cell lung cancer are warranted.

Introduction

The rate of non-small cell lung cancer (NSCLC) patients
presenting with brain metastases at the time of diagnosis is
10-20 and 30-50% develop brain metastases during the course
of the disease (1-3). Brain metastases may have a severe impact
on morbidity thus affecting quality of life due to a variety of
symptoms such as nausea, vomiting, dizziness, headaches,
vision problems and neurological difficulties and are a major
cause of mortality. In previous studies SI00B has been
suggested as a biomarker for detection of early brain metas-
tases before symptoms arise and may therefore be of great
clinical importance enabling early initiation of treatment and
possibly both improved quality of life and improved overall
survival (OS) (2.4).

S100B is a calcium binding protein. It is found as a homo-
or hetero-dimers of two different subunits, A and B. SI00AB
and S100BB are described as SI00B and both are specific for
astrocytes and Schwann cells. The protein is expressed mainly
in glial cells with the highest expression in astrocytes. Lower
expression is found in Schwann cells in the peripheral nervous
system, melanocytes, adipocytes and chondrocytes (2,5).

It is well known that S1I00B can downregulate the tumor
suppressor gene p53 in melanocytes and inhibit apoptosis (6).
It has been suggested that SI00B promotes brain metastases
of lung adenocarcinoma by promoting cell proliferation,
preventing apoptosis and increasing cell migration and inva-
sion (3,7). Low concentrations of SIO0OB stimulate neurite
outgrowth and survival of neurons whereas high concentra-
tions stimulate the expression of inflammatory cytokines and
induce apoptosis (5).

Elevated serum S100B is primarily found under patho-
logical conditions that also compromises the blood-brain
barrier as seen in traumatic brain injury, intracerebral vascular
disease, malignancy, epilepsy and schizophrenia (2). One
exception is patients with malignant melanoma (without brain
metastases) where serum values increase with the clinical
stage due to the expression of SI00B in melanocytes (8).
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The clinical utility of S1I00B has been evaluated in several
studies demonstrating that elevated levels are correlated with a
poorer outcome in patients with traumatic brain injury (9-11).
Also, S1I00B has been shown to be a predictive biomarker
of OS before first line treatment of disseminated malignant
melanoma with high levels of S100B correlating with poorer
outcome (12).

In a prospective study including 38 patients with newly
diagnosed NSCLC and no symptoms of brain metastases,
it was investigated if serum S100B level could be used as a
biomarker to detect subclinical brain metastases. Magnetic
resonance imagining showed brain metastases in seven
patients, all presenting with elevated S100B level (>0.10 ug/l).
A total of nine patients also presenting with elevated levels of
S100B had vascular brain damage with no evidence of brain
metastases. However no patients without brain metastases or
vascular disease in the brain were found to have elevated levels
of S100B, thus suggesting that serum S1I00B may be used as a
screening tool to select patients in need of further examination
for brain metastases (10).

Also, subsequent studies suggested that serum S100B
might serve as biomarker to detect brain metastases in patients
with newly diagnosed NSCLC. Thus, a study by Choi et al (2)
including 128 patients with newly diagnosed NSCLC found
a sensitivity of 89% regarding the ability of serum S100B to
detect brain metastases, but a rather low specificity which was
found to be 43%. In addition, another study by Pang er al (4)
including 30 NSCLC patients showed significantly increased
levels of S100B in 15 patients with brain metastases compared
to 15 patients without brain metastases with a very clear cut-off
at 0.031 pg/l1. Surprisingly, Liu e al (7) showed a correlation
between S100B and longer OS in NSCLC patients by analyzing
20 members of the S100 calcium binding protein family.

Moreover, normal levels of SI00B were found in patients
with glioma at the time of diagnosis and during treatment with
no influence on OS, whereas in patients with recurrent glioma
an elevated level of S100B at the time of recurrence was
associated with shorter median survival compared to patients
without elevated S100B (13).

In our previous study, including 101 breast cancer patients,
46 of which had brain metastases, serum levels of SI00B were
not able to identify those with brain metastases (14).

The clinical value of S1I00B to detect brain metastases or
predict outcome in patients with NSCLC remains unclear.
The aim of this study was to compare baseline level of serum
S100B in NSCLC patients with and without brain metastases.

Materials and methods

Study population. The cohort of patients were obtained from a
prospective biomarker trial of advanced NSCLC (S-20070014)
conducted between March 2007 and February 2010 at the
Department of Oncology, Vejle Hospital, University Hospital
of Southern Denmark (Vejle, Denmark) (15). The Declaration
of Helsinki was observed and signed informed consent was
obtained from all patients. A total of 185 patients with newly
diagnosed stage IV NSCLC were enrolled and pre-treatment
blood samples were drawn at the time of diagnosis. A total of
22 patients had verified brain metastases at the time of enroll-
ment. Patient characteristics are shown in Table I.
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The present study was approved by The Regional
Committees on Health Research Ethics for Southern Denmark
(S-20110005). Serum S100B levels from the 22 patients with
brain metastases were compared with a control group of
50 patients randomly selected from the remaining 163 patients
without known brain metastases as outlined in the flow
chart (Fig. 1).

Clinical and histopathological data. Histopathological data
were obtained from the local database at the Department
of Pathology, Vejle Hospital. Clinical data such as age, sex,
Eastern Cooperative Oncology Group performance status
(PS), smoking history, histology and time of death were
collected from the patient record.

Sample storage and handling. Baseline venous blood (22 ml)
was drawn in the non-fasting state. Samples were collected
with minimal stasis in evacuated blood collection tubes. Blood
was allowed to clot at room temperature before the samples
were centrifuged at 2,000 x g for 10 min at 20°C and imme-
diately after centrifugation the serum phase was carefully
transferred into cryo-tubes and stored at minus 80°C until use.

Biochemical analysis. Serum S-100B was analyzed using the
CE marked Elecsys S100 Immunoassay (Roche Diagnostics
GmbH). The assay is an automated sandwich immunoassay
using two monoclonal antibodies against SI00B forming a
complex to be measured by direct chemiluminescent tech-
nology. Serum specimens were measured according to the
manufacturer's protocol, and each sample was analyzed twice
to ensure the results were valid. The lower detection limit
was 0.005 ug/l and the assay was controlled by commercial
controls at two levels: 0.176 and 2.280 pg/1 with an inter-assay
coefficient of variation of 1.3 and 3.6%, respectively. The
reference interval in healthy individuals without NSCLC is
0.02-0.13 ug/l. A cut-off at 0.120 pug/l was used which is in
accordance with the results by Yoon ez al (11).

Statistical analysis. Statistical analysis was performed using
STATA 11 (StataCorp LP). Using qq-plots and a Shapiro-Wilk
test it was found that SI00B was not normally distributed.
Box-Cox analysis determined the need for log transformation
with -0.4. Kendall's tau was used to determine associations
between high levels of correlated blood samples. A Wilcoxon
rank sum test was used to test for differences in S100B levels
between the two groups. The levels of SI00B are presented as
the range, mean and 95% confidence intervals.

A univariate analysis was used to determine which expo-
sure variables might be associated with the outcome (Table II).
Variables with P<0.2 were included in a multivariate logistic
regression analysis to further explore their relation to the levels
of S100B. A receiver operating characteristics (ROC) curve
analysis was used to set a cut-off value for SI00B in patients
with and without brain metastases, respectively. P<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. The final analysis included a total of
72 patients. A total of 22 of the patients had brain metastases
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Table I. Patient characteristics.

Characteristics n %0 n % P-value
Age 0.016
<65 16 72.7 21 42
=65 6 27.3 29 58
Sex 0.332
Male 15 68.2 28 56
Female 7 31.8 22 44
Performance status 0.206
0 9 40.9 13 26
1-2 13 59.1 37 74
Smoking 0.285
Non-smoker +
Former smoker 14 63.6 25 50
Smoking 8 364 25 50
Histology 0.054
Adenocarcinoma 19 86.4 32 64
Squamous carcinoma/other 3 13.6 18 36
Liver metastases 0.647
Yes 3 13.6 9 18
No 19 86.4 41 82
Bone metastases 0.945
Yes 5 22.7 11 22
No 17 77.3 39 78
NSCLC NSCLC megsurems:nts, which is far higher than in any of the other
NSCLC 185 pts without brain without brain patients (Fig. 2).
metastases metastases
165pss \___ %00 ) Univariate and multivariate analysis. A univariate analysis
was performed for the following variables: Sex (male; female),
age (<65;>65), PS (0;1-2), smoking history (never/former;
NSCLC ) .
with brain current/unknown), histology (adenocarcinoma; squamous cell
metastases carcinoma/others), brain metastases (no; yes), distant metas-
\ 22 pts ) tases other than in the brain (no; yes), including metastases

Figure 1. Flowchart outlining 185 pts with NSCLC. A total of 22 had brain
metastases. 163 had no brain metastases. From the latter group 50 pts was
selected as the ‘control group’. NSCLC, non-small cell lung cancer; pts,
patients.

and 50 did not have brain metastases. The two groups were
comparable only differing in age (P=0.016). In the group of
patients with brain metastases patients were younger and with
a better PS compared to the other group. The most common
histological subtype was adenocarcinoma (Table I).

S100B. No statistically significant difference in the level
of S100B was found between the group with and without
brain metastases [range 0.018-0.209 pg/l, mean 0.049 pg/l,
95% confidence interval (CI), 0.032-0.067 ug/l and range
0.016-0.130 pg/1, mean 0.044 pg/l, 95% CI, 0.037-0.051 ug/1],
respectively (P=0.852). One patient was considered an
outlier and excluded due to S100B levels >1.0 pg/l in both

in the liver, bone, cutis and kidney. Only sex (P=0.088) and
histology (P=0.028) from the candidate variables for multi-
variate modelling had a P<0.2. Table I presents the results
of the univariate analysis. In the multivariate analysis only
histology (P=0.029) remained statistically significant while sex
(P=0.132) was not statistically significant. Only three patients
had S100B levels exceeding the cut-off value of 0.120 pg/1. The
ROC curve analysis did not reveal a cut-off value for SI00B in
patients with and without brain metastases (Fig. S1).

Discussion

The current study found no difference in serum levels of SI00B
between NSCLC patients with and without brain metastases.
Thus, the present study was not able to confirm the results of
previous studies which suggested that SI00B may be used
as a diagnostic biomarker to detect early brain metastases in
patients with advanced NSCLC (2.4,16). The levels of SI00B
were surprisingly equal in the two groups, suggesting that
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Table II. Univariate analysis of prognostic factors of brain
metastases.

Factors P-value

Sex
Male: female 0.088
Age
<65; >65
Performance status
0;1-2
Smoking
Never/former; recent/unknown

0.972

0.691

0.952

Histology

Adenocarcinoma; squamous cell carcinoma/others  0.028

Brain metastases
No; yes 0.852
Distant metastases

No; yes 0.244

Brain metastases
.

No brain metastases

0.2

S$100B
0.1

0.05

Figure 2. Boxplot of SI00B levels in patients with NSCLC with and without
brain metastases. There was no significant difference in the SI00B levels
between the two groups.

S100B cannot be used as a biomarker to detect brain metas-
tases. This correlates with the results from our previous study
showing no difference between breast cancer patients with and
without brain metastases (14).

Both Choi et al (2) and Pang et al (4) found significantly
elevated levels of S100B in patients with brain metastases
compared to patients without brain metastases, although the
measured levels of SIO0B still remained within the normal
range. The clinical value of the very clear cutoff of SI00B
in patients with and without brain metastases demonstrated
by Choi et al (2) could not be verified in the present study.
Chen et al (16) found that S100B is a sensitive and specific
biomarker of brain metastasis in Chinese patients and can be
used as a prognostic tool in daily clinics.

Trauma to the brain caused by traumatic brain injury,
intracerebral vascular disease, malignancy, epilepsy and
schizophrenia is known to cause high levels of serum S100B. It
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is obvious to conclude that the number, size and location of brain
metastases might be of importance to SI00B serum levels (2).
Large metastases are likely to cause more damage and thereby
release higher levels of S100B into the blood stream, making
this information relevant. Patients in the current study had no
imaging of the brain performed prior to entering the study,
which poses a risk of patients with subclinical metastases
falsely having been categorized as ‘without brain metastases’
and furthermore the present study has no supplementary data
on other conditions potentially affecting the serum levels of
S100B. However, based on the very similar levels of SI00B
between the two groups and among the patients in each group
this is unlikely to have influenced the results.

The univariate analysis was preplanned and to investigate
the subject further multivariate logistic regression analysis
was chosen too, knowing that the sample size was small, and
this might be a limitation in the present study.

Mu et al (17) looked at the levels of serum S100B in 138
patients with small cell lung cancer (SCLC) and compared
with a healthy control group. The results showed higher levels
of S100B in the group with SCLC. Furthermore, the subgroup
with brain metastases had the highest level of serum S100B
and higher levels than the other subgroups. They concluded
that S100B can serve as a serological marker for brain metas-
tases from SCLC. Maybe these results are partly explained by
the high invasion ability seen in this type of lung cancer and
thereby more severe brain damage resulting in higher levels
of S100B.

In conclusion, the present results did not indicate a signifi-
cant correlation between the level of SI00B and the presence
of brain metastases in patients with advanced NSCLC. The
current study could not verify a clear cut-off of SIO0B in
patients with and without brain metastases. Therefore, SI00B
was not found to be useful as a biomarker in advanced NSCLC
for detection of brain metastases at the time of diagnosis. Since
previous studies have suggested otherwise, further investiga-
tion is warranted to determine the clinical role of S100B as a
biomarker for brain metastases in NSCLC.
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